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Neurobiology SelectStudying the molecular mechanisms that make the senses respond precisely to external stimuli continues to
generate surprising results. This issue’s Neurobiology Select discusses studies of the five senses that reveal
new insights into protein function, physiology, and animal behavior.
On the Scent of a New Olfactory Receptor
As a testament to their biological importance, odorant receptors are the larg-
est gene family in vertebrates,with roughly 1000being encodedpermamma-
lian genome. Given this diversity, the existence of other types of chemore-
ceptors should not need to be invoked to envisage how the panoply of
molecules recognized by the olfactory epithelium is discriminated. Thus,
the discovery by Liberles and Buck (2006) of a new class of chemosensory
receptors in the olfactory epithelium of mice, called TAARs (trace amine-as-
sociated receptors), provides fresh insights into our sense of smell. Like ca-
nonical olfactory receptors, TAARs are G protein-coupled receptors, but un-
like the canonical receptors, TAARs bear close homology to the receptors for
the biogenic amines, such as those that bind the neurotransmitters serotonin
and dopamine. In mice, Liberles and Buck show that TAARs can bind to spe-
cific amine compounds, such as those found in urine, suggesting that TAARs may be important in the pheromonal
response to social cues. It is compelling that a subpopulation of olfactory neurons has recently been shown to receive
pheromonal input,which hadbeenpreviously thought to be the sole provenance of the vomeronasal organ. However,
whether this subpopulation of olfactory neurons express TAARs remains to be determined. As TAARs are also found
in the human genome, this work hints that TAARs could mediate behavioral responses of humans to pheromones.
S.D. Liberles and L.B. Buck (2006). Nature 442, 645–650. Published online July 30, 2006. 10.1038/nature05066.
Stripped of Its Phosphate, Rhodopsin Lets Loose
TheGprotein-coupled photoreceptor rhodopsin is remarkably sensitive, capable of initiating the hyperpolarization of
a rod cell in response to a single photon of light. Yet it is also unusually reliable, according to new work by Doan and
colleagues (2006). By studying the responses of rod photoreceptor cells to single photons, the authors examined the
variability in the length of time that rhodopsin is activewhen stimulated by light. Normally, upon absorbing a photon of
light, rhodopsin initiates a highly stereotypical electrical response in the rod cell, with current returning to baseline
after approximately one second. Rhodopsin signaling is terminated by phosphorylation at multiple serine and thre-
onine residues in its cytoplasmic tail and by the recruitment of arrestin. Doan et al. examined the variability of rho-
dopsin signaling following the removal of the inhibitory phosphorylation sites. They found that it is the number of
phosphorylation sites, rather than the particular contributions of specific residues, that underlies the dependability
of rhodopsin signaling. The variation in the duration and amplitude of rhodopsin signaling increases as the number
of phosphorylation sites decreases. The authors suggest that the timing and reliability of other GPCR signaling path-
ways could be similarly regulated, especially in systems that require exquisite sensitivity.Moreover, this work reflects
the fact that the phosphorylation of an individual site should not always be viewed simply as a discrete event with
a clear outcome in a signaling pathway but may also be viewed holistically as part of an integrated system of post-
translational modifications.
T. Doan et al. (2006). Science 313, 530–533.
TRP Channels Make Some Noise
In both vertebrates andflies, the activemotion ofmechanosensory cells of the auditory
system greatly enhances their sensitivity to low-intensity sounds. Yet, in humans, this
process of mechanical feedback can go awry, causing a ringing noise in the ear (a
spontaneous otoacoustic emission), during which mechanical oscillations are sus-
tained in the absence of stimulation by sound. In rare cases, this noise is so great
that it can even be heard by other people. Now, Go¨pfert et al. (2006) discover that
disruption of two transient receptor potential vannilloid Ca2+ channels (TRPV) in the
fruit fly Drosophila promotes the self-sustaining oscillation of its sound receiver. In
Drosophila, the oscillations of the antennal receiver arise from mechanical feedback
provided by the Johnston’s organ, the hearing organ found at the base of the fly an-
tenna. In light of this finding, the authors suggest that mice lacking TRPV homologs
should be reexamined to determine whether there is spontaneous emission of noise
from their ears. If so, dysregulation of TRP channels could be one cause of spontane-
ous otoacoustic emissions and, possibly, tinnitus in humans.
M. Go¨pfert et al. (2006). Nat. Neurosci. 9, 999–1000. Published online July 2, 2006. 10.1038/nn1735.
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Accounting for Sour Taste
Recent studies by Ishimaru et al. reveal a new candidate receptor for the detec-
tion of sour flavors. These proteins, PKD1L3 and PKD2L1, are in the TRP family
of ion channels and are closely related to the proteins implicated in polycystic
kidney disease (PKD). The authors examined the expression of all 33 members
of the TRP family in the mouse tongue. They found that PKD1L3 and PKD2L1
are frequently coexpressed in a distinct subset of taste cells and are expressed
at the surface of the tissue that is in contact with food. In addition, the expres-
sion of PKD1L3 and PKD2L1 does not overlap with a protein that is expressed
by cells that respond to bitter, sweet, and umami flavors. The authors propose
that PKD1L3 and PKD2L1 work together as an ion-conducting channel, much
like PKD1 and PKD2. In this model, PKD1L3, which has a large extracellular do-
main, senses sour and stimulates the opening of the PKD2L1 channel. In sup-
port of this hypothesis, they show that cell-surface expression of the proteins
requires coexpression in cultured cells and that the two proteins can be coimmunoprecipitated. Moreover, com-
pounds that stimulate sour taste, such as citric acid and hydrochloric acid, activate currents in cultured cells trans-
fected with PKD1L3 and PKD2L1. Intriguingly, channel activation is not simply a matter of adjusting the pH, as the
PKD1L3/PKD2L1 channel is more responsive to citric acid than to hydrochloric acid of the same pH. This is consis-
tent with previous work contending that sour taste receptors are more sensitive to weak acids than to strong acids.
Further evidence for the role of these TRP family members in the sensation of sour taste will likely come from the
creation of mice lacking either PKD1L3 or PKD2L1. Future studies will also no doubt address the mechanism by
which the channel is gated by acidic compounds.
Y. Ishimaru et al. (2006). Proc. Natl. Acad. Sci. USA 103, 12569–12574. Published online August 4, 2006. 10.1073/
pnas.0602702103.
Cold Receptors Huddle Together
Insights into how channel subunits assemble into functional complexes is provided by a recent
study of the rat TRPM8 receptor, which is channel gated by cold andmenthol, a compound that
creates a cooling sensation (Tsuruda et al., 2006). The authors show that the cytoplasmic do-
main mediates the assembly of tetrameric TRPM8 complexes into functional channels via its
coiled-coil domain. Disruption of the coiled-coil domain greatly affected the expression of
TRPM8 in cultured cells and as a consequence abrogated the response to menthol. When
the coiled-coil domain of TRPM8 was fused to a test protein, in this case the maltose binding
protein, amultimer was obtained, andwhen the coiled-coil domain was released from the com-
plex by proteolytic cleavage, it too was present as amultimer. Moreover, expression of amem-
brane-tethered coiled-coil domain by itself was able to disrupt the assembly and function of the
full-length TRPM8 channel. This work suggests that channel assembly mediated by coiled-coil
domains is very likely a shared feature of TRPM family members. This could also have direct
bearing on the assembly and function of other channels with multiple subunits, particularly
the TRPC and TRPV families, which also have putative coiled-coil domains.
P.R. Tsuruda et al. (2006). Neuron 51, 201–212.
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